a Ultrasound (US) has been used for in-hospital evaluation of the trauma victim for many years. The outcome in severely injured patients remains heavily influenced by initial life support and early care, as time plays a major role. Development of handheld, battery-powered, low-weight US machines has created the possibility of bringing US to the prehospital setting, thus gaining a potential for early diagnosis and treatment. The objective of this study was to systematically search the literature for evidence that prehospital US of the abdomen or thorax increases survival of trauma patients. The data regarding the use of US in the prehospital setting is sparse, often of low quality and describing a broad variety of patients and clinical challenges. Therefore, from an evidence point of view it is not possible to answer the objectives in this review. In the prehospital setting, rapid assessment plays an important role, as initial life support and early surgical care influences the outcome of the severely injured patient. Time is especially crucial in blunt abdominal trauma and penetrating truncal injuries. Several studies in this review showed that prehospital US is feasible and that the procedure is highly reliable in detection of haemoperitoneum or haemopericardium compared with the low accuracy of physical examination and haemodynamic measurements. An early diagnosis will provide the prehospital physician with the knowledge to prioritize the relevant initial treatment and to choose the closest appropriate hospital and transportation form. There is currently no evidence in the literature that prehospital US of the abdomen or thorax improves treatment of trauma patients.
Introduction
Ultrasound (US) has been used for in-hospital evaluation of the trauma victim for many years, especially focused abdominal sonography for trauma (FAST) and echocardiography [1] [2] [3] . The outcome in severely injured patients remains heavily influenced by initial life support and early care, as time plays a major role, especially with respect to early management of major blunt abdominal trauma and perforating truncal injuries [4] [5] [6] . Abdominal and pelvic injuries are major causes of early death after severe trauma. This raises the question of how to obtain the diagnosis as early as possible to make a decision regarding triage and further treatment. Even patients with severe traumatic lesions might initially present with normal clinical examinations and vital signs. US could potentially reveal these conditions [7, 8] .
Technological advances have led to the development of handheld, battery-powered, low-weight machines. This miniaturization of the technology has created the possibility of bringing US to the prehospital setting, thus gaining a potential for early diagnosis and treatment.
The aim of this systematic review was to determine, whether evidence has been established to conclude, that prehospital US does improve treatment of the trauma patient.
Objectives
Our objectives in this review were to test the following hypothesizes:
(1) Prehospital US of the abdomen or thorax increases survival of trauma patients because: (a) prehospital treatment or action is changed as a consequence of the result of the performed US; (b) The patient is transferred to the most appropriate hospital; and (c) The hospital response is optimized.
Materials and methods

Types of studies
Randomized trials in which prehospital US is compared with no US in trauma patients. Descriptive studies or case reports on US performed in the prehospital setting.
Types of participants
Patients undergoing prehospital US.
Types of outcome measures
Prehospital US is possible/feasible. Prehospital US increases survival. Prehospital US alters time to hospital. Prehospital US changes primary diagnosis. Prehospital US changes therapy. Prehospital US influences the choice of receiving hospital.
Search strategy for identification of studies
Relevant studies were identified from the following source:
The National Library of Medicine's MEDLINE database (PubMed) was systematically searched from 1966 to November 2008 using the following strategy:
(1) search 'ultrasound' (2) search 'prehospital' (3) search 'ultrasound AND prehospital' (4) search 'out-hospital' (5) search 'sonography; (6) search '(ultrasound OR sonography) AND prehospital' (7) search '(ultrasound OR sonography) AND (prehospital OR out-hospital)' (8) search 'FAST' (9) search '(ultrasound OR sonography OR FAST) AND (prehospital OR out-hospital)' An identical search was performed in EMBASE.
Reference lists of identified trials were reviewed to find additional references.
Methods of the review
All three reviewers scanned the titles and abstracts of reports identified by electronic searching to produce a list of possibly relevant reports. This list of reports was retrieved in full text. All three review authors independently assessed the methodological quality of eligible reports in terms of concealment of allocation, compliance of treatment, number of withdrawals and dropouts, comparability of groups and proportion analysed according to randomization at the end of the treatment period. The review authors were not blinded to study authors, institution or journal when performing quality assessment. After all literature was reviewed, the three authors decided in full agreement, which studies to exclude. Excluded studies were listed with reasons for exclusion.
Results
Twenty-four studies were identified. Fourteen were included in this study, 10 studies were excluded. All identified studies including details are listed in Table 1 . There was a very large heterogeneity of the identified studies although one factor was common -lack of quality. As no studies reported concealment of allocation or was randomized or blinded, all studies, including information about prehospital US, are included in this review.
As seen in Table 1 no prospectively randomized doubleblind studies were identified. In Table 2 , excluded studies and the reason for exclusion are listed. The quality of included studies ranged from case reports based on a single case (three studies) to nonrandomized, nonblinded descriptive studies including 15-230 patients (11 studies).
All studies included patients undergoing prehospital US examination in broad terms, that is, echocardiography, FAST or invasive procedures (pericardiocentesis) or USguided access to large central veins.
The investigators ranged from aircrew members with no previous medical training to specialist physicians with US knowledge and skills. As an important point no radiologists were participating in any study.
If pooled, a total of only 885 patients were included. The great heterogeneity between the different studies, that is, outcome measures, examinations done, skills of investigators, design of studies (if even a study) makes pooling meaningless. On account of the great heterogeneity, comparison of included studies does not seem reasonable.
Despite the heterogeneity of included studies, all studies show that US is actually working and is feasible in the prehospital setting. Furthermore, there are some intersections between the studies, all in favour of prehospital US; early diagnosis, potential for change of admittance and a time delay ranging from 0 to 6 min. McManus et al. [10] In-hospital examination Timmermann et al. [11] Comparison of physicians vs. paramedics US not involved Grmec [12] Impossible to gain access to article or abstract Ward [15] Letter to editor Salen et al. [20] In-hospital examination Strode et al. [23] Demonstrate wireless transformation of examination, one healthy volunteer Vaezy [26] In-hospital use of acoustic haemostasis Boulanger et al. [8] CT vs. FAST algorithm on trauma patients in-hospital Symbas et al. [29] Echocardiography in-hospital Vaezy et al. [30] In-hospital use of acoustic haemostasis
Discussion
The data regarding the use of US in the prehospital setting are sparse, often of low quality and describing a broad variety of patients and problems. Therefore, from an evidence point of view it is not possible to answer the objectives in this review. The evidence, based on inhospital studies though, leads to the assumption that prehospital US could be beneficial [1] . The development of small-size, low-weight equipment has made prehospital US possible. Further advances in technology are likely to produce machines that are specially suited for the prehospital environment.
No studies address the question of how to use US in the prehospital setting. Should it be limited to standardized examinations [FAST/focus assessed transthoracic echocardiography (FATE)] or is it reasonable to extend the use to several different and not standardized examinations? In our opinion these questions should ideally be discussed in the prehospital societies before implementation of prehospital US.
Some authors have investigated prehospital FAST with examinations being performed at the scene of the trauma where as others focused on in-flight US on trauma patients [6, 17, 19, 24, 25, 27, 28] . All these studies agreed on the feasibility of prehospital-performed FAST. The specificity, sensitivity and accuracy were as high as 93, 99 and 99%, respectively [6, 24, 25, 27, 28] .
The prehospital FAST led to streamline of patient care, change to admitting hospital and makes diagnosis more accurate [6, 17] .
One study investigated the effect of transcranial US from diagnosis to early stroke treatment [9] . Most importantly, this study found that prehospital US was possible/feasible but also that the early diagnosis streamlined further inhospital treatment.
Three studies described the use of transthoracic US examination. Byhahn et al. [14] diagnosed a pericardial tamponade, and more importantly, because it was possible, able to perform US-guided pericardial puncture using US. Roberts et al. [16] used US for diagnosis of pneumothoraces. This study also points out the possibility of repeated investigations i.e. during transport and the role of accurate diagnosis in triage situations. This conclusion is in accordance with Polk and Fallon [28] who stress the importance of correct diagnosis in thoracic injuries.
In our opinion, the most reasonable way of using prehospital US is the 'point of care' approach defined as US at or near the site of patient care. One French study and also the Norwegian study concluded that US used by a proficient examiner improved diagnostic accuracy [17, 18] . In both these studies prehospital US was used for several procedures, either diagnostic (e.g. aortic aneurysm, ectopic pregnancy, gall bladder stones, FAST, echocardiography/FATE) or interventional (e.g. insertion of IV lines, pericardiocentesis) [27] . This multipurpose use is in accordance with Ward [15] and Mazur et al. [13] . Furthermore, we find that pain relief interventions in the manner of peripheral nerve blockage guided by US may also be valuable, especially in remote areas with longdistance evacuation, but no studies investigate the use of US for peripheral nerve blocks.
The point of care approach is of course limited by the experience and education of the emergency physician and requires more education/training than a single standardized examination like FAST. The probable scenario will be (like in any other clinical skill) staffed Emergency Medical Service with physicians having different expertise in the use of US but with a basic knowledge, that is, capability of FAST and FATE. Ongoing education to obtain skills necessary for performing point of care US will therefore be inevitable.
In the emergency room, US is a routine examination for rapid patient assessment and immediate diagnosis of haemoperitoneum and haemopericardium [31] [32] [33] . In the prehospital setting rapid assessment plays an important role, as initial life support and early surgical care influence the outcome of the severely injured patient [25] . Time is especially crucial in blunt abdominal trauma and penetrating truncal injuries [4, 5, 33] . Several studies in this review showed that prehospital US is feasible and that prehospital FAST is highly reliable in detection of haemoperitoneum or haemopericardium compared with the low accuracy of physical examination and haemodynamic measurements [6, 14, 17, 24, 25, 27, 28 ].
An early diagnosis will provide the prehospital physician with the knowledge to prioritize the relevant initial treatment. Furthermore, early diagnosis helps the physician to choose the closest appropriate hospital and transportation form. In the study by Walcher et al. [6] , prehospital US resulted in a change of choice of admitting hospital in 20% of patients . This may have a great impact especially in rural areas.
In the case of mass casualties, US could aid the physician in the field to make the most appropriate triage, although this aspect needs further investigation.
As stated earlier, most studies in this review involved a small number of patients and all studies indicated a poor level of methodological rigour, in particular regarding randomization and blinding. All studies though conclude that prehospital-performed US is positive or at least neutral to the involved patient. The only possible harm to the patient could be a time delay. Some investigators perform the examination during transfer; others reported duration of US to be between 2 and 6 min [6, 17, 25] .
Conclusion
It is currently not possible to conclude that prehospitalperformed US improves treatment of the trauma patient.
However, data indicate that prehospital management is altered by the use of US in respect to early and precise diagnosis, treatment and visitation.
To answer the objectives of this study, a large high-quality mortality/morbidity investigation is needed.
